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Abstract 
The use of edible films to release antimicrobial constituents in food packaging is a form of active packaging that 
contributes to extend the shelf-life of a product and provides microbial safety for consumers. A number of plant and 
animal proteins have been investigated for the production of edible films such as corn zein, wheat gluten, soy and 
peanut proteins, gelatin, collagen, casein, and whey proteins. Several antimicrobial agents such as organic acids, 
enzymes, fungicides and natural antimicrobial compounds (spices and essential oils) can be incorporated into edible 
films. Potassium sorbate (PS) have a long history as a generally recognized as safe food preservative, being widely 
used to inhibit or retard the growing of a number of recognized food pathogens. Shiga toxin-producing Escherichia 
coli (STEC) O157 and non-O157 strains have been associated with human disease, ranging from uncomplicated 
diarrhea to hemorrhagic colitis and hemolytic uremic syndrome. STEC is transmitted to humans through 
contaminated food, water, and direct contact with infected persons or animals. Several outbreaks caused by non-O157 
STEC were described although data implicating these STEC were scanty and the source of infection was not always 
known. Therefore, the objective of the present study was to incorporate PS into whey protein concentrate (WPC) 
films and to determine the inhibitory effects of these films against eight non-O157 STEC strains isolated from ready-
to-eat food samples. 
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1. Introduction 
In recent years, concerns about the environmental pollution caused by plastics have led to attempts to 
develop biodegradable films by incorporating degradable components [1]. Packaging research has 
focused more on films made from plant and animal edible protein sources such as wheat gluten, soy 
protein, albumin, gelatin, collagen, casein and whey proteins [2]. Cheese whey, which is produced in 
large quantities as a by-product in the cheese making process, has excellent functional properties and is 
used to produce edible films and coatings. Utilization of whey excess in the form of whey protein 
concentrate (WPC) could effectively alleviate the whey disposal problem by the conversion of whey into 
value-added products, such as edible films and coatings [1]. The use of edible films to release 
antimicrobial constituents in food packaging is a form of active packaging that could extend the shelf-life 
of a product and provides microbial safety for consumers [3]. It acts to reduce, inhibit, or retard the 
growth of pathogen microorganisms in packed foods and packaging materials [4]. In order to control 
undesirable microorganisms in food surfaces natural or synthetic antimicrobial agents can be incorporated 
into polymer coatings [5]. Several compounds have been proposed as antimicrobial agents in food 
packaging, including organic acids, enzymes, fungicides and natural compounds such as spices and 
essential oils [2, 6]. Potassium sorbate (PS) is the potassium salt of sorbic acid that can effectively restrain 
the activity of mould, yeast and aerophile bacteria. When dissolved in water, PS ionizes to form sorbic 
acid. The use of PS is effective up to pH 6.5 but effectiveness increases as the pH decreases; so changes 
in the pH of the films and the foods are important because this compound is a weak acid and is most 
effective in the undissociated form due to its increased ability to penetrate the cytoplasmic membrane of 
bacteria [7].   
Shiga toxin-producing Escherichia coli (STEC) O157 and non-O157 strains have been associated with 
outbreaks and sporadic cases of human disease, ranging from uncomplicated diarrhea to hemorrhagic 
colitis and hemolytic uremic syndrome [8, 9]. STEC posses the Shiga toxin 1 and/or Shiga toxin 2 (stx1 
and stx2) genes considered as the major virulence factors. Stx proteins are responsible for endothelial and 
tubular cells damage which may result in acute renal failure [13]. STEC is transmitted to humans through 
contaminated food, water and direct contact with infected persons or animals [8, 9]. Environmental 
conditions present in foods (nutrients, pH, humidity, etc.) are suitable for a rapid colonization by STEC 
strains to harmful levels for human health. Non-O157 STEC are now recognized as an important group of 
bacterial enteropathogens [10]; however, O157-H7 is the best known to both microbiologist and general 
public. STEC strains that are non-O157 have generally been poorly characterized and the incidence of 
virulence properties in these strains is largely unknown despite of the important human exposure to these 
pathogenic microorganisms from ready-to-eat food. Several outbreaks caused by non-O157 STEC were 
described [11, 12], although data implicating these STEC in some outbreaks were scanty and the source 
of infection was not always known. Recently, Balagué et al. (2006) reported the phenotypic and 
genotypic characteristics and virulence properties of non-O157 strains isolated from ready-to-eat food 
samples obtained from supermarkets and shop selling in Argentina were hemolytic uremic syndrome is 
endemic [13].  
Considering that antimicrobial edible packaging is a novel technology with the potential to help food 
preservation, the purpose of the present study was to incorporate PS into WPC edible films obtained at 
two different pH values and to determine the inhibitory effects of these films against non-O157 STEC 
strains isolated from ready-to-eat food samples. 
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2. Materials & Methods 
2.1.Whey protein concentrate-based film preparation 
The WPC films (11.5% total solid) were obtained with a modification of the method described by 
Soazo et al (2010) [14]. Briefly, WPC (Arla Foods Ingredients S.A., Bs. As., Argentina) and glycerol 
(Gly; Cicarelli, Argentina) in proportion WPC/Gly 3:1 w/w dry solid basis were dissolved in distilled 
water. After mixing, the solution was heated at 90 ºC for 30 min in a shaking water bath (TDS-40, Tecno 
Dalvo, Santa Fe, Argentina). Finally the solution was homogenized (4 min, 20000 rpm) in an Omni GLH 
homogenizer (Omni International Inc., Warrenton, Virginia, U.S.A.). After homogenization, the 
suspensions were placed in an ice bath to prevent further denaturation of the whey protein and rapidly 
cooled to room temperature. After incorporating 0.5%, 1.0% or 1.5% (w/w) potassium sorbate (PS, Sigma 
Chemical Co., St. Louis, Mo., U.S.A.) the pH was adjusted to 5.2 or 6.0 with HCl (1.0 N) using a 
Metrohm 713 pH-meter (Metrohm Ltd., Switzerland). The pH-adjusted film-forming suspensions were 
degassed at room temperature with vacuum. Following degassing, the whey protein solutions (8 g/plate) 
were casted by pipetting the suspension into sterile 90-mm diameter plastic plates. The plates were dried 
for 2 h at 45 ºC plus 24 h at 25 ºC, 48±4% relative humidity, after which the films were peeled from the 
plates and stabilized during another 24 h at 25 ºC and 48±4% relative humidity. 
2.2.Bacterial strains 
Eight non-O157 STEC strains isolated from ready-to-eat food samples obtained from supermarkets 
and shops selling in Rosario (Argentina) and previously characterized in the Department of Bacteriology 
(National University of Rosario, Argentina) were used in this study [13]. E. coli O157:H7 ATCC 43895 
from the American Type Culture Collection which expresses the Shiga toxin genes stx1 and stx2 was used 
as a control (Table 1). 
Table 1. Characteristics of non-O157 STEC isolates from food samples obtained in Rosario, Argentina. 
Strain Origin of  PCR results for:  Type of food 
Number sample  Serogroup VW[ VW[ 
Soft cheese ARG 4827 supermarket O18 + + 
Soft cheese ARG 2379 supermarket O128 + + 
Cottage cheese ARG 5266 supermarket O79 + + 
Meat with sauce ARG 4824 supermarket ONT + + 
Soft cheese ARG 4627 supermarket O18 + + 
Vegetables with mayonnaise ARG 2000 food ready-to-eat ONT + + 
Chicken with sauce ARG 4823 supermarket O57 + + 
Cottage cheese ARG 5468 food ready-to-eat O44 + + 
                                  ONT, O serogroup non-typable; stx, shiga toxin genes 
2.3. Determination of antimicrobial effects of WPC films 
The inhibition zone assay in solid media was used to determine the antimicrobial potential of films. 
WPC films were aseptically cut into 12-mm-dia discs using a sterile cork borer. The discs were then 
aseptically transferred to pour plates containing 10 mL of Mueller-Hinton agar broth (Britania S.A., 
Bs.As., Argentina), acidified to pH 5.2 with 1.0 N HCl, which had been previously seeded with each 
bacterial suspension adjusted to McFarland 0.5 standard in saline solution. After 24 h of incubation at  
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37 ºC the diameter of the inhibition zone represented by a clear area of non-growth or decreased growth 
around the edible film disc was measured perpendicularly to the nearest millimeter with a caliper. Control 
films (pH 5.2 and pH 6.0) without antimicrobial were also evaluated. The result was the average of 3 
measurements. 
2.4.Minimum inhibitory concentration (MIC) 
MIC was estimated according the current National Committee for Clinical Laboratory Standards-
recommended macrodilution broth method [15]. Briefly, an overnight culture of each bacterial strain was 
adjusted to 0.5 McFarland scale in saline solution and used as the standard inoculum to the test. One mL 
of the bacterial inoculum was added and mixed with 1 mL of each PS solution in Mueller-Hinton broth 
(Britania S.A., Bs.As., Argentina) adjusted at pH 5.2 or 6.0. The PS concentration range evaluated was 
0.3125-20 mg/mL. A control tube without PS as well as a tube containing only broth medium also were 
inoculated. The bacterial suspensions purities were checked by subculturing an aliquot of the suspensions 
in Mueller-Hinton agar broth adjusted to pH 5.2. All tubes were incubated at 37°C for 24 h. The MIC 
values were estimated as the lowest concentration of PS that completely inhibits growth of the 
microorganism in the tubes as detected by the unaided eye. Growth control tubes to assess MIC end 
points were also evaluated.  
3. Results & Discussion  
In protein stabilized solutions the net charge is highly dependent on pH. When pH is close to the 
isoelectric point (pI) of the protein (for whey protein pI≈5), its net charge approaches to zero, 
electrostatic repulsions become weak, and attractive interactions become important. Hence, changes in the 
pH of the whey protein/Gly system may affect solution stability, and thus, the quality of the films. In this 
work, the films obtained even at a pH 5.2 were rather flexible and transparent demonstrating that WPC 
may be a reliable material for the elaboration of antimicrobial edible films because most organic acids 
frequently used as preservatives are more effective in an acidic environment.  
Increasing the concentration of PS into the film disc at both pH levels increased the antimicrobial 
activity as observed by the improved in the diameter of the inhibition zone in all the non-O157 STEC 
strain analyzed on Mueller-Hinton agar (pH 5.2) (Fig. 1 and Table 2). Control films (pH 5.2 and pH 6.0) 
without antimicrobials were non-inhibitory. Although pH of the media was 5.2, near the values informed 
for foods as meats and cheeses [16], acidic films (pH 5.2) containing PS were generally more inhibitory 
because PS is a weak acid (pKa 4.76) which is more effective in the undissociated form due to its 
increased capability to penetrate the plasmatic membrane of bacteria [7].  
The diffusion of PS from the disk may be affected by the WPC background in a way that at a pH value 
near the isoelectric point of the proteins (pI 5.0) it will be less retained due to a decreased capability to 
generate dipolar interactions with the amide groups present in the matrix. This observation is supported 
by our MIC data (Table 3) where at pH 6.0 the PS concentration needed to inhibit microbial growth in a 
liquid medium, without the diffusion intrusive component, is 2-4 levels higher than at the lower pH (5.2) 
for all the strains analyzed. These results clearly suggest that the unprotonated-protonated ratio is relevant 
to evaluate the antimicrobial ability of an organic acid when used as a preservative. 
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Fig. 1. Antimicrobial activity of WPC films. A) Representative photograph showing the increase in the diameter of the inhibition 
zones around the disc when PS concentration increases (anti-clockwise sense starting from upper disc: WPC film 0%; 0.5%; 1.0% 
and 1.5% PS). B) Representative photograph showing the increase in the diameter of the inhibition zones around 1% PS WPC film 
disc when pH decreases (left, pH 5.2; right, pH 6.0).  
 
 
Table 2. Antimicrobial activity of WPC edible films containing PS against non-O157 STEC strains and ATCC 43895 strain. 
 
Diameter of inhibition zone (mm) 
WPC films (pH 5.2) WPC films (pH 6.0)  
 PS 0.5% PS 1.0% PS 1.5% PS 0.5% PS 1.0% PS 1.5% 
ARG 4827 4.3 ± 0.6 8.3 ± 1.5 11.3 ± 0.6 4.7 ± 1.2 7.7 ± 1.5 9.0 ± 1.0 
ARG 2379 4.7 ± 1.2 8.3 ± 1.5 13.0 ± 1.0 - 7.3 ± 1.5 9.0 ± 1.0 
ARG 5266 4.0 ± 1.0 8.7 ± 0.6 10.7 ± 0.6 3.7 ± 0.6 6.3 ± 0.6 6.3 ± 0.6 
ARG 4824 3.3 ± 1.2 8.7 ± 0.6 12.7 ± 1.2 - 5.7 ± 1.2 7.0 ± 1.0 
ARG 4627 3.0 ± 1.0 8.3 ± 1.2   9.3 ± 1.2 - 2.0 ± 1.0 7.0 ± 1.0 
    ARG 20 4.3 ± 1.5 8.7 ± 1.2 10.3 ± 0.6 3.0 ± 1.0 3.7 ± 0.6 7.7 ± 0.6 
ARG 4823 2.7 ± 1.2 5.3 ± 1.2   9.0 ± 1.0 - 6.0 ± 1.0 5.0 ± 1.0 
ARG 5468 3.0 ± 1.0 6.7 ± 1.2 10.3 ± 0.6 3.3 ± 1.5 6.0 ± 0.0 7.0 ± 0.0 
ATCC 43895 6.3 ± 0.6 9.3 ± 1.5 11.7 ± 0.6 - 9.7 ± 1.5 9.0 ± 1.0 
 
It is important to notice that at pH 5.2 the antimicrobial activity of the WPC films is better compared to 
those at pH 6.0, but its appearance is more opaque due to a partial protein aggregation. This is an 
interesting fact, which means that its acceptability to the consumers would be affected. 
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Table 3. Minimum inhibitory concentration (MIC) for PS against non-O157 STEC strains and ATCC 43895 strain. 
MIC (mg/mL) Strain  
number pH 6.0 pH 5.2
ARG 4827 5 1.25 
ARG 2379 2.5 0.625 
ARG 5266 5 1.25 
ARG 4824 5 1.25 
ARG 4627 5 2.5 
  ARG 20 2.5 1.25 
ARG 4823 5 2.5 
ARG 5468 5 1.25 
ATCC 43895 2.5 1.25 
 
4. Conclusion 
The addition of PS in WPC films led to retard or inhibit the growth of STEC pathogens, thus the 
incorporation of antimicrobial agents to edible films may have supplementary applications in food 
packaging. Taking into account that the films obtained at low pH were rather flexible and transparent, 
WPC may be a reliable material for the elaboration of antimicrobial edible films because most organic 
acids frequently used as preservatives are more effective in an acidic environment. Therefore, these films 
may be useful to inactivate post-processing contaminants on ready-to-eat foods, attending to the 
compromise between the appearance and the activity of the antimicrobial-containing edible films. 
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